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Sunday, February 16, 2014 121aR60%, clusters of remaining wild-type cells acted as currents sinks that
impaired conduction. For Cx43KO contents of 40-60%, conduction was prone
to unidirectional or bidirectional block, while conduction did not block for
larger or smaller Cx43KO contents.
Thus, conduction velocity and stability behave in a nonlinear manner when
cells expressing different connexin amounts are combined. This behavior
results from heterogeneous source-sink relationships at the cellular level. In
the context of cardiac cellular therapies, such behavior may be arrhythmogenic
if transplanted cells and recipient tissue form a heterogeneously coupled
substrate.
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Background: Loss of the rapid delayed rectifier Kþ current (IKr) leads to
remarkable action potential duration (APD) prolongation and instability
(measured by its short term variability; BVR). It is unknown whether APD
and its BVR can be separately modulated and which among IKr gating proper-
ties is more influential in determining them.
Aims: to investigate 1) whether the effects of IKr blockade (by E4031) on APD
and BVR are necessarily concordant; 2) the sensitivity of APD and BVR to
changes in specific IKr gating parameters.
Methods: a numerical IKr model (mIKr) was constructed to fit E4031-sensitive
current, previously recorded under AP-clamp conditions in guinea-pig ventric-
ular myocytes. Native IKr was blocked by E4031 and replaced by mIKr under
Dynamic-Clamp (DC) conditions. Once established that mIKr was able to fully
revert the effect of E4031 on APD and BVR, we tested the effect of negative
and positive changes in its gating parameters. Maximal conductance (gmax),
mid-potentials activation (V0.5A) and inactivation (V0.5I) and activation/
deactivation time-constant (tau) were considered.
Results: E4031 increased APD and BVR. mIKr injection restored APD and
BVR (NS vs control). Shifts in V0.5I changed APD and BVR concordantly,
both being increased for a 15 mV shift and decreased for þ15 mV one. On
the other hand, aþ15 mV shift of V0.5A or a 35% reduction in gmax increased
BVR without affecting APD significantly. Changes in tau (550%), did not
affect APD and BVR significantly, but an opposite trend was observed for
the two variables.
Conclusions: 1) restoration of the control APD and BVR by mIKr indicates that
known IKr properties are adequate to account for IKr impact repolarization and
its stability; 2) APD and BVR tend to change concordantly but they may be
independently affected by changes in gating properties.
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Multiple lines of evidence have suggested that increased oxidative stress
and activation of Ca2þ-calmodulin-dependent protein kinase II (CaMKII)
are proarrhythmic in various diseased heart models. In the present study we
have evaluated the involvement of oxidative stress and CaMKII pathway in
antiarrhythmic mechanisms in a unique coronary artery occlusion (CAO)-
induced arrhythmia model in woodchucks. Woodchucks, are true hibernators,
and in winter they survive without food or water or activity and their
hearts are more resistant to cardiac arrhythmias than in summer. We conduct-
ed Western blotting analyses and compared the expression levels of key anti-
oxidant enzymes. In control hearts (without CAO) the expression level of
catalase was higher in winter than in summer, while the MnSOD levels
were the same. While CAO (24 hrs) upregulated both catalase and MnSOD,
the increase in catalase was greater in winter than in summer. Meanwhile,
oxidized CaMKII (activated form) levels were lower in winter than in
summer. The effects of the CaMKII inhibitor KN-93 on CAO-induced
arrhythmias in summer were also evaluated. We carried out CAO surgeries
and monitored ECG by telemetry for 24 hrs. KN-93 was administrated with
an initial bolus injection followed by a continuous delivery via osmotic mini-
pumps. Arrhythmia scores were evaluated and compared to the control group.
KN-93 significantly decreased the arrhythmia score in woodchucks in summer
(3.4 5 0.4) to a lower level (1.3 5 0.6, p<0.05), which is similar to that
observed in winter (1.6 5 0.3), suggesting the reduction of CaMKII activity
may account for the adaptation for the heart’s resistance to CAO-inducedarrhythmias during winter in woodchucks. These results suggest that manip-
ulation of CaMKII signaling may hold therapeutic potential for treating
cardiac arrhythmias.
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Brugada syndrome (BS) is a genetically determined cardiac electrical
disorder, characterized by typical electrocardiography (ECG) alterations,
and it is an arrhythmogenic syndrome that may lead to sudden cardiac death.
The most common genotype found among Brugada syndrome patients is
caused by mutations in the SCN5A gene, which lead to a loss of function
of the cardiac sodium (Naþ) channel (Nav1.5) by different mechanisms.
Here, we report that a novel nonsense SCN5A mutation, L812Q, localized
in the transmembrane region DII-S4 of the Nav1.5 channel, was identified
in an index patient who showed a Brugada syndrome type 1 ECG
phenotype. The mutation was absent in the patient’s parents and brother.
Expression of the wild-type (WT) and L812Q mutant Nav1.5 channels
in human embryonic kidney cells (HEK293 cells) reveals that the mutation
result in a reduction of Naþ current density and a ~20 mV negative shift
of the voltage dependence of inactivation. However, the voltage dependence
of activation and the time course for recovery from inactivation are not
altered by the mutation. The negative shift of the steady-state inactivation
curve reduced the Naþ window current. In addition, western blot and
confocal laser microscopyimaging experiments suggest that the mutant chan-
nels may be retained in the endoplasmic reticulum, resulting in less channel
expression at the membrane surface. Decreased membrane surface expres-
sion, a negative shift of voltage dependence of inactivation, and a decline
of Naþ window current in the L812Q mutant may lead to a reduction of
Naþ current during the upstroke of a cardiac action potential and an inhibi-
tion of the reopening of inactivated Naþ channels during the repolarization
phases, all of which may contribute to the development of Brugada
syndrome.
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The effect of infrared laser stimulation of excitable tissue was explained by
the rise of temperature that increases the cell membrane capacitance, which
causes cell depolarization and action potential activation (Shapiro et al.,
Nat. Commun. 3:736, 2012). As in cardiac myocytes the relation of cell
capacitance and temperature is not well known, we studied the dependence
of membrane capacitance on the bath temperature under steady-state condi-
tions in isolated rat ventricular and atrial myocytes. Individual myocytes
were whole-cell patch clamped and the membrane capacitance was re-
corded by the high-resolution square wave stimulation method (Nova´k
and Zahradnı´k, Ann. Biomed. Eng. 34:1201, 2006). The bath temperature
was increased by means of a temperature controller at a rate of 0.1C/s
from about 23C to about 33C. Experiments on 6 atrial and 3 ventricular
myocytes provided an average increase of the cell capacitance by 0.30 5
0.02 %/C that corresponds to 0.17 5 0.03 pF/C for an average myocyte
of 56.6 5 9.9 pF capacitance (mean 5 SEM). The increase of capacitance
was proportional to the cell capacitance (R=0.81). There were no significant
differences between atrial and ventricular myocytes in the temperature
sensitivity of membrane capacitance. The temperature increase caused no
mechanical activity or changes in the shape of myocytes. These data are
in quantitative agreement with the data obtained on HEK cells and
bilayers (Shapiro et al., Nat. Commun. 3:736, 2012) and confirm the effect
of temperature on cell capacitance in the case of cardiac myocytes, thus
